Cancer cells can escape antitumor immune responses by exploiting inhibitory immune checkpoints. Immune checkpoint therapy, mainly including anti-CTLA-4 therapy and anti-PD-1/PD-L1 therapy, can enhance antitumor immune responses by blocking the inhibitory signals of the immune system. This therapy has produced clinical advances in a fraction of patients. Deeper insight into the tumor microenvironment and immune checkpoint inhibitors will improve this therapy. Here, we review immune checkpoint inhibitors that prevent tumor immune escape and recent clinical studies of immune checkpoint therapy. We also compare the efficacy of different combination immunotherapies, describe how the relationship between the gut microbiome and immune system can determine the therapeutic outcomes for immune checkpoint inhibitors and introduce several novel immune checkpoints that are potential targets for antitumor immunotherapy in the future.
Introduction
In current cancer therapy, the limitations of traditional treatments cannot be ignored. Thus, we must explore new treatment methods. Cancer immunotherapy, which has been ignored for many years, has again become a focus of researchers and become a pillar of cancer therapy. For its outstanding efficacy, cancer immunotherapy was rated by Science as the Breakthrough of the Year in 2013 (1) , and Nature considered Emily Whitehead, the first child in the world whose leukemia was treated with CAR-T therapy, to be one of 10 people who mattered in 2017 (2) . As a pillar of cancer immunotherapy, immune checkpoint inhibitors have been applied in cancer therapy and have led to promising clinical responses. In this review, we discuss immune checkpoint inhibitors that prevent tumor immune escape and recent clinical studies of immune checkpoint therapy. The efficacy of combination immunotherapies and the link between the gut microbiome and immune system are also described in this review.
Mechanism of immune checkpoint therapy
Tumor microenvironment and immune checkpoint therapy. With the development of cancer research, tumors have gradually come to be regarded as complete organs rather than masses of transformed cells (3) . These organs mainly include tumor cells, cancer-associated fibroblasts (CAFs), endothelial cells and immune cells. These non-cancerous cells affect the development of tumors (4) . In the initial stage of tumor formation, only a small fraction of the microenvironment contains infiltrated immune cells, but eventually, various immune cells are recruited to the microenvironment and T cells may be the most important type of immune cell. Tumor antigens can be displayed by antigen-presenting cells (APCs), which express major histocompatibility complex (MHC) molecules on their surfaces. T cells become activated through the engagement of antigen-MHC complexes with their T cell receptors (TCRs), molecules that are mainly expressed on CD4 + T cells and CD8 + T cells, after which the T cells proliferate and differentiate (5) . Additional costimulatory signals are also required to activate
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naïve T cells. CD28 is one of the proteins expressed on T cells that acts as a B7 receptor and is constitutively expressed on naïve T cells. When CD28 binds to CD80 and CD86, two B7 molecules, costimulatory signals are provided (6) . B7 molecules are only expressed by cells that can efficiently present antigens. However, tumor cells are easily overlooked by the immune system. The inflammatory response is a component of the immune system that permits antigen-presenting cells to take up tumor antigens and then present antigen-MHC complexes and permits B7 molecules to activate T cells (Fig. 1A) . Inefficient antigen presentation is an obstacle that must be overcome to allow activated T cells to infiltrate the tumor microenvironment. When tumor-specific T cells encounter tumor antigens in tumor-draining lymph nodes, an effective immune response that attacks tumor cells develops (7) . Another hurdle that acts to lower the responsiveness of antitumor immunity also needs to be overcome. This hurdle is comprised of tumor cells, regulatory T cells, myeloid-derived suppressor cells, and other inhibitory factors in the tumor microenvironment. The accumulation of a sufficient number of obstacles that the antitumor immune response cannot develop into an effective reaction underlies this hurdle. How to eliminate the immunosuppressive state of tumors and mobilize the immune system may be the next direction of tumor immune studies.
T-cell responses and immune checkpoint therapy. How can the suppression of the antitumor immune response be weakened? understanding the fundamental mechanisms of immune regulation in the immune system, especially in T cells, can help us solve this problem. We know that the activation of T cells is complex, requiring not only proliferation and functional differentiation but also attenuation and termination. In the early stages of T cell activation, a gene called CTLA-4, which has high homology to CD28, is expressed. CTLA-4 downregulates the T cell response by displacing CD28 costimulation (8) . Researchers have proposed that the antitumor functions of T cells can be restored by inhibiting the binding of CTLA-4 to B7 molecules ( Fig. 1B ). Further animal experiments confirmed that treatment with anti-CTLA-4 antibodies in mouse tumor models enhanced the antitumor response of T cells (9, 10) . Based on the data generated by experiments in mice, ipilimumab, a human anti-CTLA-4 antibody, was developed. A clinical trial indicated that patients with metastatic melanoma who were treated with ipilimumab achieved a significant improvement in overall survival (11) .
The successful implementation of anti-CTLA-4 antibodies has led to a growing interest in immune checkpoint therapy (12) . As research progresses, more immune checkpoints have been found. Programmed cell death-1 (PD-1), an important immune checkpoint, was discovered in 2000. PD-1 is expressed only in T cells that have been activated by antigen (13) and contributes to the inhibitory response that interferes with the function of the T-cell receptor by binding with its ligands PD-L1 and PD-L2 (14) . The PD-1 expression level decreases when the activating antigen is cleared during acute responses, but its level remains high if the antigen is present for a long time (15) (16) (17) . Neoantigens are one type of antigen that can cause high and sustained PD-1 expression, which is one reason cancer cells can be ignored by T cells (18, 19) . PD-1 ligands (PD-L1 and PD-L2) are expressed by many cell types (such as APCs, dendritic cells, macrophages and vascular endothelial cells), but PD-L1 is the ligand that is usually expressed on cancer cells (20, 21) . When the PD-L1 molecules on cancer cells bind with PD-1 on T cells, immunosuppression occurs ( Fig. 2 ). Activated T cells will produce the cytokine interferon-γ (IFN-γ), which can promote the expression of PD-L1 in tumor cells (22) , subsequently promoting immunosuppression. This process in normal tissues acts as a negative feedback mechanism to protect normal cells from attack by T cells. However, in tumor tissues, this mechanism leads to the tumor cells becoming invisible to the immune system. Once we have prevented PD-1 binding with its ligands, we can weaken the suppression of antitumor immunity. That is the mechanism that anti-PD-1/PD-L1 therapy is based on.
Efficacy and limitations of immune checkpoint therapy
Anti-CTLA-4 therapy. Anti-CTLA-4 antibodies, such as ipilimumab, are the pioneers of immune checkpoint blockade therapy (23) . Clinical trials revealed that metastatic melanoma patients treated with ipilimumab exhibited considerable improvement in their overall survival. Based on the outstanding efficacy, ipilimumab earned FDA approval for the treatment of metastatic and non-resectable melanomas in March 2011. Four years later, ipilimumab was approved as an adjuvant therapy for stage III melanoma patients.
A multinational phase III trial was conducted with 951 patients after complete resection of stage III cutaneous melanoma. This trial demonstrated that recurrence-free survival for these patients was significantly improved by long-term treatment with a low dose of ipilimumab, but the incidence of adverse events was higher than that observed in advanced melanoma patients treated with ipilimumab (24) . Secondary outcomes from this trial also revealed that health-related quality of life (HRqoL) was slightly impaired (25) . The NCT00094653 trial revealed the efficacy of ipilimumab in metastatic melanoma patients. This phase III trial compared the median overall survival (OS) between ipilimumab and other treatments in metastatic melanoma patients with previous medical therapy. The results revealed that ipilimumab can improve OS in metastatic melanoma patients (ipilimumab alone vs. gp100 monotherapy: hazard ratio (HR): 0.66, P=0.003; combination therapy vs. gp100 alone: HR: 0.68, P<0.001) (11) . Ipilimumab has demonstrated an antitumor effect in patients who were previously treated for melanoma and was also tested in patients without previous therapy. Another phase III trial involving 502 metastatic melanoma patients without previous therapy has been reported. This trial revealed that ipilimumab also improved OS in metastatic melanoma patients without previous therapy, and patients without previous therapy suffered no new types of adverse events compared with those in prior studies of ipilimumab (26) . Aside from melanoma, ipilimumab has been studied in other diseases, such as renal cell carcinoma (27) , prostate (28) and pancreatic cancer (29) , but its efficacy in these solid tumors is limited (Table I ). The intrinsic resistance of solid tumors, caused by features such as low tumor immunogenicity and potently immunosuppressive tumor microenvironments, can explain these results (30) .
Ipilimumab has exhibited a clear beneficial response in the clinic, but immune-related adverse events (irAEs) have become an obstacle limiting who can benefit from it. Negative regulators of immunity are important for the body to maintain immunologic homeostasis, and when they are blocked by ipilimumab, irAEs occur. The most common immune-related toxic effects that have been established include rashes, colitis, hepatitis, endocrinopathies and pneumonitis (31, 32) . Do irAEs have an adverse impact on quality of life? A phase III trial appears to provide evidence regarding this matter (25) . The results revealed that although some investigators reported grades 3-4 adverse events (11, 27) , HRqoL showed little impairment. Nearly half of the patients withdrew from this trial due to drug-related toxic effects, which led to a significant reduction in the credibility of the trial.
It is undeniable that ipilimumab has a significant survival benefit in patients with malignant neoplasms, especially melanoma. However, adverse events and limited efficacy have ceased it from benefiting more patients. What can we do in the future to improve anti-CTLA-4 therapy? A more suitable dose can balance the efficacy and adverse events, despite 3 mg/kg being the FDA approved dose for advanced-stage disease patients. In addition, establishing a set of ipilimumab adverse reaction risk assessment systems and interventions for patients at higher risk may reduce the incidence of adverse effects. Of course, determining the resistance mechanisms to Table I . Clinical trials with results that have revealed the efficacy and safety of anti-CTLA-4 therapy for tumors. anti-CTLA-4 antibodies is also a crucial step in solving the efficacy problem.
Baseline characteristics of patients
Anti-PD-1/PD-L1 therapy. Anti-PD-1 therapy is a feasible way to relieve immunosuppression. To date, the success of this therapeutic method has been demonstrated in clinical trials. The phase Ib study NCT01953692 (33) enrolled 31 patients with classical Hodgkin lymphoma who did not respond to brentuximab vedotin therapy to receive pembrolizumab, an anti-PD-1 antibody, at a dose of 10 mg/kg every 2 weeks. The results revealed that 5 of the 20 patients who exhibited an objective response achieved complete remission, and 15 patients achieved partial remission, for an overall response rate (ORR) of 65% (90% CI, 48-79%). In addition to hematological tumor therapy, anti-PD-1 antibodies also play an important role in solid tumor therapy. A total of 493 patients with advanced gastric or gastro-esophageal junction cancer were enrolled in a phase III trial (NCT02267343) (34 Between anti-CTLA-4 antibodies and anti-PD-1 antibodies, which approach will achieve better results in patients? Interim analyses of the phase III NCT01866319 trial (35) revealed that pembrolizumab provides superior progression-free survival and overall survival vs. ipilimumab (the overall survival data remain immature; Table II ). Regarding nivolumab, the NCT02388906 study demonstrated that it provided significantly longer recurrence-free survival than ipilimumab (36) . In addition, both of these studies revealed that anti-PD-1 antibodies had a lower rate of serious adverse events than ipilimumab (35, 36) .
Anti-PD-L1 therapy is another cancer treatment based on the PD-1 inhibitory pathway. In the phase II NCT02108652 trial (37) , 119 patients with cisplatin-ineligible urothelial carcinoma received the anti-PD-L1 antibody atezolizumab as their first-line treatment. After a median follow-up period of 17.2 months, the ORR was 23%, the complete response rate was 9%, and the median overall survival was 15.9 months in all patients. In IC2/3 patients (those with PD-L1 expression on ≥5% of tumor-infiltrating immune cells), the ORR increased to 28%. This result demonstrated the encouragingly durable activity of atezolizumab in untreated metastatic urothelial cancer patients, especially in patients with high PD-L1 expression levels. The treatment-related adverse events (TRAEs) in this trial were acceptable. unfortunately, the results of a phase III randomized controlled study (NCT02302807) were not as ideal as those of the phase II trial (38, 39) . The phase III study revealed that overall survival in the IC2/3 population did not differ significantly between the treatment groups (HR 0.87, 95% CI 0.63-1.21, P=0.41), which precluded further formal statistical comparisons. The objective response rates were similar (atezolizumab vs. chemotherapy: 23 vs. 22%), but the duration of response in the atezolizumab group was longer than that in the chemotherapy group (Table II) . The reasons for these results warrant further analysis. Notably, the exploratory biomarker analysis in this study revealed that the median overall survival for patients treated with atezolizumab was numerically longer than the median overall survival for patients treated with chemotherapy in the high tumor mutation burden population (11.3 months vs. 8.3 months; HR 0.68, 95% CI, 0.51-0.90), whereas survival was similar between the groups in the low tumor mutation burden population. Furthermore, in IC2/3 patients with a high tumor mutation burden, the median survival for the atezolizumab group was longer than that for the chemotherapy group (17.8 months vs. 10.6 months; HR 0.50, 95% CI, 0.29-0.86). These results indicated that IC2/3 patients with a high tumor mutation burden will experience a significantly greater benefit from anti-PD-L1 therapy and that the level of tumor mutation burden and the PD-L1 expression level of tumor-infiltrating immune cells can be used to select a population suitable for anti-PD-L1 therapy.
Data on atezolizumab in the treatment of NSCLC have also been reported. A phase II study (40) of patients with previously treated NSCLC demonstrated the effectiveness of atezolizumab. The overall survival in the treatment group was 12.6 months, and the overall survival in the control group was 9.7 months (HR 0.73, 95% CI, 0.53-0.99; P=0.04). However, having so few patients limited the ability to draw further conclusions. Then, the phase III NCT02008227 study (41) enrolled 1,225 patients with previously treated NSCLC. As was observed in the phase II study (40) , the overall survival in the treatment group was significantly prolonged. Furthermore, this study revealed that atezolizumab treatment resulted in an improvement in overall survival compared with docetaxel, regardless of PD-L1 expression levels (Table II) . Overall survival improvement for patients with squamous or non-squamous histology was also analyzed, and the conclusion was similar for these 2 histology types.
Another anti-PD-L1 immune checkpoint inhibitor named avelumab has also been tested in various tumor types. The first type avelumab was tested in was metastatic Merkel cell carcinoma, which was approved by the FDA for treatment with avelumab in March 2017. The phase II trial revealed the promising efficacy of avelumab in metastatic Merkel cell carcinoma. In a cohort of 88 patients with this carcinoma, treatment with avelumab achieved objective responses in 28 (31.8%) patients, and 8 (28.6%) of the 28 patients achieved complete responses. In addition, responses are still ongoing in most patients who achieved an objective response, and TRAEs in this study were acceptable (42) . In solid tumors, avelumab also revealed marked efficacy. A phase Ia dose-escalation trial reported that a dose of 20 mg/kg was acceptable and had no negative effect on the counts of immune cell subsets (43) . In a phase Ib dose-expansion trial (44) , 184 patients with NSCLC were enrolled, and 22 patients (12%) achieved confirmed objective responses, and 92 patients (50%) achieved disease control. The reported median OS was 8.4 months (95% CI, 7.3-10.6) in this trial. Additionally, 23 (13%) of the 184 patients had grade 3 or worse TRAEs. These results revealed the promising efficacy and acceptable safety of avelumab in NSCLC. However, nearly 33.2% of the enrolled patients received 2 or more previous treatments, which prevented accurate conclusions about the efficacy of avelumab. We look forward to findings from ongoing phase III trials, which will provide us with much Table II . Clinical trials with results that have revealed the efficacy and safety of anti-PD-1/PD-L1 therapy for tumors. 
more powerful evidence. Trials with other anti-PD-L1 antibodies, such as durvalumab, have shown promising results in advanced urothelial bladder cancer and NSCLC (45) (46) (47) . Anti-PD-1/PD-L1 therapy provides a reason for us to believe that immunotherapy will achieve greater success in the future. However, in different patients, there is a great difference in the efficacy of anti-PD-1/PD-L1 therapy (48) . A study performed whole exome sequencing of 35 patients with metastatic clear cell renal cell carcinoma and found that patients whose PBRM1 gene had loss-of-function mutations had significant clinical benefit from anti-PD-1/PD-L1 therapy compared to patients without loss-of-function mutations (49) . This study provided a basis for selecting patients for anti-PD-1/PD-L1 therapy. Another severe problem that needs to be solved is that large numbers of patients do not show long-lasting remission. A team from the university of Pennsylvania revealed a hint to this answer. They found that using a PD-1 inhibitor in mice could restart failing T cells and lead to a low level of memory T cell development, but the restarted T cells failed later due to transient changes in their epigenetics (50) .
Resistance to immune checkpoint blockers. Immune checkpoint blockers (ICBs), at the forefront in the field of immuno therapy, have shown enormous success in cancer therapy. unfortunately, a large number of patients must cease their treatment. The appearance of TRAEs is an important reason for stopping treatment. However, attention should also be paid to the heterogeneity of responses to ICBs. Reported clinical data have indicated that only 10-15% of patients respond to ipilimumab therapy (11, 26) . What has led to this phenomenon?
Tumors render immune checkpoint therapy ineffective by intrinsic and extrinsic factors. The intrinsic factors include genetic and epigenetic alterations, and presentation disrupting the action of cytotoxic T cells. Non-cancerous stromal or immune cells, an inhospitable tumor microenvironment for antitumor T cells, and other systemic influences (such as the gut microbiome) are considered extrinsic factors (51) (52) (53) .
As the mechanisms of resistance to ICBs are further elucidated, several trials are underway to relieve the resistance. Combination therapies are in various stages of development (54) , and personalized cancer vaccines hat enhance immune memory show promise (55); furthermore, biomarkers associated with resistance will be identified in additional research (53) . ultimately, clinical activity will be optimized, and the rate of clinical response will increase in the future.
Development of immune checkpoint therapy

Combination therapies of immune checkpoint inhibitors.
Immune checkpoint inhibitors have achieved exciting results in some types of cancers (56) (57) (58) (59) . However, only a subset of patients benefit from immune checkpoint inhibition (60). Short-lasting remission (50) and toxic effects (61) (62) (63) are the major problems we cannot ignore. Combination anticancer therapies are useful methods to resolve these issues.
Immunotherapy shows the strongest effect on patients with small tumor burdens (64), and chemotherapy can reduce the tumor burden. Furthermore, chemotherapy can lead to tumor Table II . Continued. cell necrosis to expose neoantigens that potentiate the antitumor response (65) . Both of these factors are advantages that support combining chemotherapy with immune checkpoint inhibitors. However, a recent clinical study on immunochemotherapy (the combination of immunotherapy and chemotherapy) did not show synergistic results (66) . The median overall survival and median progression-free survival were similar in the chemotherapy plus ipilimumab group and chemotherapy plus placebo group. The number and rate of TRAEs were worse in the chemoimmunotherapy group, including higher treatment-related deaths, leading to discontinuation of the study. The toxicity profiles of the immunochemotherapy in this study were consistent with those from previous studies in melanoma (26) , small cell lung cancer (67) and non-small cell lung cancer (68) . All of these studies demonstrated that adverse events limit the clinical effects of immunochemotherapy. Do they prove that combined anticancer therapies are not feasible?
Baseline characteristics of patients
The answer may be yes. On T lymphocytes, both CTLA-4 and PD-1 are expressed, but their mechanisms for inhibiting the function of immune cells are different (14, 69) . This difference provides the rationale for combination therapy. The phase III NCT01844505 study compared nivolumab alone, ipilimumab alone, and the combination of the two in advanced melanoma (70) . This study found that the clinical activity of the combination therapy was better than that of either monotherapy. Health-related quality of life results from this study revealed no clinically meaningful deterioration (71) . The phase I NCT01454102 trial in advanced non-small cell lung cancer revealed results analogous with NCT01844505 (72) . An open-label phase Ib clinical trial observed a similar objective response rate in its pembrolizumab plus ipilimumab therapy group compared with the objective response rate in the nivolumab plus ipilimumab therapy group in the NCT01844505 study (61 vs. 58%) (70, 73) .
In addition, according to previous studies, combination with radiotherapy or targeted therapy enhanced the anticancer effect of immune checkpoint inhibition (74, 75) . Another powerful combination strategy that combines oncolytic viruses with immune checkpoint inhibitors has been studied in phase Ib and phase II trials (76, 77) . Both trials indicated that this combination strategy had greater antitumor activity vs. monotherapy. In addition, the incidence of TRAEs was acceptable. Further clinical trials using combination anticancer therapies are underway, and the current results show promise that these therapies will reveal more in the future.
Gut microbiome and immune checkpoint therapy. The gut microbiome, which includes bacteria, microbial eukaryotes, and viruses, lives in the human intestine (78) . Its composition and status are closely related to the health of the host (79) and to the outcome of cancer immunotherapy (80) .
The ability of intestinal microbiota to modulate the response to immune checkpoint inhibitors was revealed by preclinical studies. A study in mice revealed that commensal Bifidobacterium in the intestine promoted antitumor immunity and anti-PD-L1 efficacy (81) . Melanoma growth in mice harboring distinct commensal microbiota was compared in this study, and it was found that spontaneous antitumor immunity varied. In addition, inoculated Bifidobacterium in intestines facilitated the curative effect of anti-PD-L1 therapy, enhancing the number of CD8 + T cells. Another study in mice demonstrated that gut microbiota directly affected anti-CTLA-4 antibody efficacy (82) .
Preclinical studies indicated that immune checkpoint inhibitors rely on the gut microbiome in mice. Does this also occur in humans? Clinical data from patients with epithelial tumors were analyzed (83) . The results revealed a shorter median overall survival in patients who used antibiotics before or at the beginning of anti-PD-1 therapy, which meant that intestinal flora disorder inhibited the clinical benefit of immune checkpoint inhibitors. This inhibitory effect is due to the lack of Akkermansia muciniphila in this study, and this type of bacteria can increase the recruitment of CD4 + T cells into the tumor microenvironment by producing interleukin-12, which promotes antitumor activities (83) . Two additional studies focused on melanoma. These studies demonstrated that greater diversity in the gut microbiomes of melanoma patients led to better clinical effects. Furthermore, responding patients had a higher abundance of bacterial species, including Ruminococcaceae, Bifidobacterium longum, Collinsella aerofaciens and Enterococcus faecium (84, 85) .
The gut microbiome is similar to a treasure trove for next-generation medicine (86) . Combination therapy that combines the microbiota with immune checkpoint inhibitors will provide more possibilities for the development of precision medicine for cancer in the future.
New immune checkpoints. In addition to CTLA-4 and PD-1/PD-L1, several new immune checkpoints have emerged. The tumor glyco-code as a novel immune checkpoint should not be overlooked (87) . Several studies have shown that the tumor glyco-code modifies immunity by affecting lectin receptors expressed by immune cells. For example, Tn antigen (one of the most common tumor-associated glycans) drives an immune suppressive program in macrophages by enriching for molecules (such as MuC1, CD43 and CD45) that interact with macrophage galactose-specific lectin (MGL) on macrophages. This program is characterized by the induction of effector T cell apoptosis and upregulation of IL-10 (88, 89) . Altered glycosylation of malignant cells often occurs in the early stages of malignant transformation, and different types of cancer have been marked by certain tumor-associated glycans, making the early diagnosis of cancer possible (90) (91) (92) . Monoclonal antibodies can be used to characterize changes in the tumor glyco-code that serve as cancer biomarkers (93, 94) , and the expression statuses of glycan and lectin synthesis genes could serve as novel diagnostic tools or prognostic predictors (95, 96) . Notably, the tumor glyco-code can be harnessed not only for cancer diagnosis but also for cancer therapy. Several therapies based on the tumor glyco-code have been developed, such as anti-glycan vaccines, inhibitors capable of blocking glycan-lectin interactions, new tumor glyco-specific CAR-T cells and dendritic cell targeting (97) (98) (99) (100) . We can predict that the development of research on the tumor glyco-code will benefit patients who fail to respond to current immunotherapy regimens.
Another novel immune checkpoint that should be focused on is T-cell immunoglobulin mucin 3 (TIM-3)/galectin-9. TIM-3 and its ligand galectin-9 play important roles in tumor-associated immune suppression (101, 102) . Initial evidence has revealed that interactions between these proteins induce negative regulation of the Th1 and Th17 responses (103, 104) . Further studies revealed that CD8 + T cells, which are the most suppressed population, are marked by TIM-3 in preclinical cancer models. The TIM-3 pathway together with the PD-1 pathway may promote a more severe dysfunctional phenotype than the TIM-3 pathway by itself in CD8 + T cells of malignant tumors (105) . In addition, other studies have reported that TIM-3 plays a crucial role in the biology of Tregs in tumors. In preclinical models, compared with TIM-3 -Tregs, TIM-3 + Tregs have been revealed to be more immunosuppressive in the tumor tissue, which is likely due to increased levels of IL-10 and other key effector molecules, including perforin and granzymes (106) . Based on these studies, TIM3 can be regarded as a target for immunotherapy. Preclinical studies have revealed very promising results for TIM-3 blockade in colon carcinoma, Wilms tumor and prostate cancer (107) . Notably, better effectiveness has been demonstrated when TIM-3 blockade is combined with PD-1 blockade, but the molecular mechanisms of these effects have not been elucidated (104, 108) . The ligand galectin-9 also plays a role in preventing cancer progression and immune escape. In breast cancer cells, galectin-9, which exists in the cytoplasm, induces cancer cell aggregation and prevents tumor metastasis (109) . In addition, galectin-9 induced apoptosis and inhibited the growth of hepatocellular carcinoma cells in an in vivo study (110) . Synthetic galectin-9 has been demonstrated to be effective without significant side effects in mice (111) , but it remains to be investigated in humans. Galectin-9 may be a potential antitumor agent but requires thorough investigation in the future (112).
Conclusion
An immune checkpoint is a protective factor that prevents healthy cells from damage caused by excessive T cell activity. Tumor cells use this mechanism to suppress immune cells and escape from the body's immune system. Immune checkpoint inhibitors can relieve this inhibitory effect and reactivate T cells to destroy cancer cells.
Anti-CTLA-4 antibodies and anti-PD-1/PD-L1 antibodies have revealed encouraging results in a broad range of tumors, but these therapies do not achieve objective responses in every patient. Furthermore, some responding patients have to discontinue these treatments due to serious treatment-related adverse effects. In addition, some patients are resistant to ICBs and fail to achieve long-lasting remission. All of these problems are urging researchers to determine a certain standard with which to select more suitable patients for immune checkpoint inhibition. Recent studies have indicated that patients with a higher tumor mutation burden and higher PD-L1 expression exhibit better clinical effects. Combination anticancer therapy is a new approach that combines the benefits of different cancer treatments. Choosing the right combination of agents at the right dose is essential for benefiting more patients. Consideration of the gut microbiome with immune checkpoint inhibitors is another therapeutic method for anticancer therapy. A high abundance of bacterial species in the intestine leads to better clinical effects. Inoculation of specific microbial species can improve the effect of immunotherapy in mice. The excellent results in animal experiments have made us excited about the effect of this treatment in humans. Several new immune checkpoints have been found. Research targeting these checkpoints in antitumor therapies is underway. We believe that inhibitors of these checkpoints will be anticancer agents in the future following a thorough investigation. As immune checkpoint therapies are developed, more patients will experience benefits.
